To evaluate the impact of Cryptosporidium infection on diarrheal disease burden and nutrition status, a nested case-control study was done among children who were followed from birth in Fortaleza, Brazil. The diarrhea history and growth records of 43 children with a symptomatic diarrhea episode of cryptosporidiosis (case-children) were compared with those of 43 age-matched controls with no history of cryptosporidiosis. After Cryptosporidium infection, case-children £1 year old experienced an excessive and protracted (nearly 2 years) diarrheal disease burden. Case-children £1 year old with no history of diarrhea prior to their Cryptosporidium infection also experienced a subsequent increased diarrheal disease burden with an associated decline in growth. Control subjects experienced no change in their diarrhea burden over time. This study suggests that an episode of symptomatic Cryptosporidium infection in children £1 year of age is a marker for increased diarrhea morbidity.
Diarrheal illness has long been recognized as a major cause ridium infection, possibly by adversely affecting host immunity, or if Cryptosporidium infection triggers a worsening cliniof morbidity and mortality for young children in developing areas [1 -3] , such as the state of Ceará in northeastern Brazil, cal course with malnutrition. Therefore, the purpose of our study was to determine whether an episode of cryptosporidiosis where half of the deaths among children õ5 years of age are attributable to diarrhea [4] . From 1989 to 1993, we conducted marks children at risk for a higher diarrheal disease burden or an increased risk of malnutrition (or both). To address this a prospective birth cohort study of diarrhea illnesses in an urban slum in Fortaleza, the capital of the state of Ceará. This question, we designed a nested case-control study to analyze the burden of diarrheal disease in children before and after an work has identified that this area of Brazil is highly endemic for Cryptosporidium parvum: 95% of adults and children by episode of cryptosporidiosis. the age of 5 years old are seropositive for Cryptosporidium antigens [5, 6] . A major factor in determining the severity and Materials and Methods duration of Cryptosporidium infection is the immune status of the host [7, 8] . In addition, reports from developing countries Study site and design. The study was conducted in a five-block have associated cryptosporidiosis with malnutrition [4, 9 -14] .
area of an urban slum located in Fortaleza (population, 2 million).
However, it is unclear if malnutrition predisposes to CryptospoAll children born within the study area from May 1989 through April 1993 were recruited. A cohort of 186 children from 154 families was assembled. Of these 186 children, 154 submitted at least 1 stool specimen for analysis, and these children became the oocysts by modified acid-fast and auramine stains (see below). were permanent dwellings built of brick and adobe. The main of §3 liquid stools (conforming to the shape of the collection Examination of stool specimens. Diarrheal and nondiarrheal (i.e., control) stools were collected in cups. Control stools were container) within 24 h for at least 2 days separated from another obtained every 3-4 months from all children with no recorded episode by at least 2 diarrhea-free days [15] . Diarrhea episodes diarrhea during the previous 2 weeks. At least 3 days separated were defined as acute (lasting for £14 days), persistent (lasting antibiotic ingestion from all stool collections. An attempt was made 15-30 days), or chronic (lasting ú30 days) [15] .
to collect diarrhea samples on the first day of a diarrhea episode. To evaluate the potential impact of Cryptosporidium infection Stools were retrieved on the day of collection and processed within on diarrhea morbidity and nutrition status over time, we attempted 4 h of collection in the microbiology laboratory at the Division of to match each case-child with Cryptosporidium infection with an Infectious Diseases, Clinical Research Unit, Federal University of age-matched ({3 months) control from the cohort population.
Ceará. All specimens were processed, examined for CryptosporidControls could never have had a stool positive for Cryptosporidium ium oocysts and other parasites, and cultured for bacterial pathooocysts at any time during surveillance. A complete analysis of gens as described previously [5] . An episode of diarrhea was attribthe diarrhea history, including the total days of diarrheal illness, uted to Cryptosporidium infection if the positive stool was obtained the total number of diarrhea episodes, and the average duration between 4 days before the onset of diarrhea and 7 days after the per episode, were computed for the entire observation period for cessation of symptoms. This range of time for diagnosis was seeach child with Cryptosporidium infection and for each matched lected because it has been demonstrated that Cryptosporidium oocontrol. To correct for variation in the duration of surveillance for cysts can be shed in the stool before the onset of symptoms and each child, the days of observation were converted into childfor ú1 week after diarrhea has ceased [16] . years (365.25 days of observation/1 child-year) for analysis of the Data analysis. For the analyses of population statistics and diarrhea data. diarrhea data, statistical tests included x 2 analysis, Student's paired To better elucidate the impact of cryptosporidiosis on the diart test for the data with a normal distribution, and Wilcoxon signed rhea burden, the data for each case-child and matched control were rank test for the non-normally distributed data. The nutrition data stratified at the ''data division day,'' the day marking the onset of were analyzed with a repeated measures analysis of variance. All the diagnostic Cryptosporidium infection episode in the case-child analyses utilized paired data except as otherwise noted. All statisti-(respectively termed control or case pre-or post-Cryptosporidium cal tests were two-tailed, and P õ .05 was considered statistically periods). To eliminate the impact of the Cryptosporidium infection significant. episode on the diarrheal disease burden, we removed the days of diarrhea associated with the Cryptosporidium infection from the post-Cryptosporidium period data. In the case of children whose
Results
Cryptosporidium infection was asymptomatic, the data were analyzed before and after the date that the diagnosis of CryptosporidDefinition of study population and study population characium infection was made by stool examination. One control was in teristics. During the study period, the stools of 59 cohort the middle of a persistent diarrhea episode on the data division children were positive for Cryptosporidium oocysts. Using the day. In this instance, the persistent episode was attributed to the established criteria, we identified a matched control for 52 of total number of persistent pre-Cryptosporidium infection episodes, these 59 case-children, resulting in an initial study population but the actual days with diarrhea were divided between the persisof 104 children. Nine of the matched case-children had Cryptotent days categories (pre-and post-Cryptosporidium periods) on sporidium oocysts in formed stools. There were no significant the basis of the date of onset of cryptosporidiosis in the matched differences between asymptomatic case-children and their case.
matched controls in age, sex, overall diarrheal disease burden Nutrition data were collected at 3-month intervals: Supine length (mean days of diarrhea/child-year and mean episodes of diarwas measured to the nearest 0.5 cm, and weight was obtained rhea/child-year), and diarrheal disease burden and nutrition stausing a frequently calibrated sling scale and was measured to the tus before and after the date of the stool sample positive for nearest 0.1 kg. A software package (Epi Info; CDC, Atlanta) was used to compute weight-for-age, height-for-age, and weight-forCryptosporidium oocysts (data not shown). Therefore, the subheight Z scores. In general, a decline in weight for age in children sequent analysis was confined to the 43 case-children with episodes of Cryptosporidium infection occurred ú9 months 26) and that for children who were ú1 year old when they became infected (n Å 17). As in the overall analysis, caseafter the initial infection; none of these children had a third episode.
children had more total days of diarrhea/child-year in the preCryptosporidium period, regardless of age, although these difThe characteristics for study participants are shown in table 1. Twenty-six case-children (60.5%) were £1 year of age.
ferences were not statistically significant ( figure 1 ). In contrast, in the post-Cryptosporidium period, the total days of diarrhea Although 4 controls had limited surveillance data after the date of Cryptosporidium infection in their matched case because disease increased only in children who became infected with Cryptosporidium species when £1 year of age ( figure 1 ). This their families left the community, they and their matched casechild had very similar total number of days of observation and increased diarrheal disease burden in case-children after Cryptosporidium infection was attributable to a 2-fold increase in days of observation before and after the date of Cryptosporidium infection. However, the sex of the case and control populaacute diarrhea disease in these children (data not shown; P õ .005). Consistent with this increase in diarrhea in the posttions was significantly different, with a greater proportion of boys among the cases. Due to the excess diarrheal disease
Cryptosporidium period in case-children who were õ1 year of age, these children had significantly more episodes of diarrhea burden identified in the case-children (see below), cases had significantly more stools evaluated in the laboratory.
than their controls and significantly more episodes of diarrhea than in their pre-Cryptosporidium period (data not shown; P Children infected with Cryptosporidium species and controls in this study were proportionally distributed throughout the five £ 0.001 and P õ .05, respectively). The impact of Cryptosporidium infection on the subsequent quadrants of the favela (data not shown). Furthermore, repeated visits by field nurses and outside observers to every home in diarrheal disease history of children £1 year of age was emphasized by analysis of the diarrheal disease burden before and the community over the course of surveillance revealed no discernible differences in living conditions, including sanitary after Cryptosporidium infection in 8 children who were £1 year old and who had not had any diarrhea illness prior to the facilities, number of pets, water source, or sewer drainage, between case and control children. episode of cryptosporidiosis. All 8 children had an acute diarrhea episode with their Cryptosporidium infection. After the Diarrheal disease burden before and after an episode of Cryptosporidium infection. Children who acquired symptomdiagnosis, these case-children with no prior history of diarrhea had 64 { 16 days of diarrhea/child-year. In contrast, their atic cryptosporidiosis had a significantly increased diarrheal disease burden (days of diarrhea/child-year) compared with matched controls had 6 { 2 days of diarrhea/child-year in the pre-Cryptosporidium period and 10 { 4 days of diarrhea/childthat for controls both before (39.3 { 7 vs. 21.3 { 5 days, respectively; P õ .04) and after (46.1 { 9 vs. 13.9 { 5 days, year in the post-Cryptosporidium period (P õ .02, control vs. case after Cryptosporidium infection). respectively; P õ .04) the diagnosis of Cryptosporidium infection.
Distribution of the increased diarrhea burden. To assess the duration of the increased diarrheal disease burden after To assess whether age at the time of infection with Cryptosporidium species affected the diarrheal disease burden of the the diagnosis of Cryptosporidium infection, we examined the distribution of the days of diarrhea by quarters over the subsecase-children, we stratified the pre-and post-Cryptosporidium infection diarrheal disease data into 2 groups: that for children quent 2 years in case-children versus controls younger or older than 1 year of age ( figure 2A, B) . Only case-children and who were £1 year of age when they became infected (n Å / 9d41$$mr43 01-27-98 15:15:07 jinfa UC: J Infect (n Å 16), the time frame when the increased postinfection diarrhea burden occurred was protracted, lasting Ç21 months (figure 2A). Boys (n Å 10) had an increased burden throughout the 21 months, whereas the increased diarrheal disease burden in girls (n Å 6) declined to that of the controls after 12 months. In contrast, in children ú1 year of age (n Å 10), the excess days of diarrhea occurred only during the first 6 months after the diagnosis of Cryptosporidium infection ( figure 2B ). Assessment of the nutrition of the population. To examine the interaction of cryptosporidiosis and nutrition, we compared anthropometric indicators in 18 paired case-children and controls with sufficient measures for analysis (see Materials and Methods). These data revealed that neither cases nor controls were malnourished by WHO criteria (less than 02 Z scores) ( figure 3A) . However, both cases and controls had a gradual decline in weight-for-age, weight-for-height, and height-forage Z scores over the 2-year surveillance period ( figure 3A ; data not shown). Of note, children who acquired Cryptosporidium infection had significantly lower height-for-age Z scores both before and after cryptosporidiosis than their matched controls (P õ .01). Analyses of weight-for-age and weight-for-height indices revealed similar findings (data not shown).
To determine the interaction of age, nutrition, and cryptosporidiosis, we examined these anthropometric indices separately for children £1 or ú1 year of age at the time of Cryptosporidium infection. Analysis of the 8 case-children who were £1 year of age and who had had no diarrhea illness prior to their Cryptosporidium infection and analysis of their matched controls revealed similar weight-for-age, height-for-age, and weight-for-height Z scores during the pre-Cryptosporidium period ( figure 3B ; data not shown). In contrast, after infection with Cryptosporidium, these case-children, but not their matched controls, had a marked and significant change in their height-for-age Z scores (P Å .004 cases before vs. after Cryptosporidium infection; figure 3B), with indices consistent with WHO criteria for malnutrition 9 months after infection. The weight-for-age and weight-for-height Z scores of these children also declined, but the differences were not significant. Analysis of the Z scores of all children who were £1 year of age and who had sufficient measures for analysis revealed similar results (data not shown). In contrast, analysis of cases and controls ú1 year of age did not reveal a similar decline in the Z scores of the cases after the Cryptosporidium episode (data not shown). The data presented herein demonstrate that in children £1 children in year before and after Cryptosporidium infection. A, year of age who have a documented episode of symptomatic Cryptosporidium infection in children with no history of diarsex-specific, mortality recently reported in children õ1 year of age in lower socioeconomic populations immunized with rhea is associated with both a dramatic increase in diarrhea and a concomitant decline in growth (figure 3B).
Discussion
high-titer measles vaccine in developing countries [25 -27] . Although specific human immunodeficiency virus (HIV) seroWhether the striking increase in post-Cryptosporidium diarrheal disease burden is specifically due to the impact of infeclogic testing is not available, our results are not likely to be due to HIV infection in the study children because there has tion with Cryptosporidium species or would occur after another serious enteric infection (e.g., rotavirus or enteroaggregative been no clinical indication of HIV infection in these children nor have any of the children died. Escherichia coli) is unknown. Similar analyses with other enteric pathogens common in this type of community will be One explanation of these results is that there are subpopulations of children with selective host defects (e.g., defects in T necessary to determine if these results are a specific sequela of Cryptosporidium infection. However, only 25% of the casecell function or in the production of g-interferon) that may account for the observed variations in the clinical course of children with Cryptosporidium infection had coincident enteric E. coli infection (data not shown). Exclusion of these children this infection. Animal data suggest that CD4 lymphocytes and g-interferon influence the duration and extent of Cryptosporidfrom the analyses did not alter the results, further suggesting that these observations may be attributable to the impact of ium infection, respectively, whereas tumor necrosis factor or NK cells do not [28 -33] . However, no similar data are availCryptosporidium infection on the host gastrointestinal tract or immune system. able in human infections. Thus, prospective studies correlating the immunologic competence of a population of children with To our knowledge, this is the first demonstration of the potential adverse impact of a particular infection on the subsethe clinical presentation of Cryptosporidium infection and their subsequent diarrheal disease course will be necessary to investiquent course of diarrheal disease in young children in the developing world; thus, it raises important issues requiring further gate this possibility. The fact that more boys than girls in the study had crypstudy.
The mechanism(s) by which Cryptosporidium infection may tosporidiosis is consistent with our findings that during the course of this longitudinal study, diarrheal disease attack rates trigger a subsequent excess diarrheal disease burden, particularly in children £1 year of age, is unknown. One possibility were significantly higher in boys than in girls (data not shown.) This was neither due to differences in sampling rates between is that Cryptosporidium-induced intestinal injury results in persistent malabsorption or that Cryptosporidium sets the stage boys and girls nor to an imbalance of boys and girls born in the community. These findings are in concordance with prior for enhanced susceptibility to other enteric pathogens. Recent data indicate that infection of intestinal epithelial cells with observations that, with very few exceptions, morbidity from all illnesses, including infectious diseases, occurs more freCryptosporidium species disrupts epithelial barrier function and is ultimately lethal to these cells [17, 18] . These results are quently in boys than girls [34] . The increased vulnerability of males to infectious diseases in the newborn period and in consistent with the blunted villi commonly observed in the histopathology of Cryptosporidium infection in animals and childhood is postulated to involve gender-specific immunologic differences [34] . humans [19] .
Elegant studies by Argenzio et al. [20 -23] and others of the In summary, in our study population in northeastern Brazil, a symptomatic episode of Cryptosporidium infection in a child pathophysiology of symptomatic Cryptosporidium infection in young piglets indicate that Cryptosporidium infection impairs £1 year of age appears to identify that child as at risk for a subsequent increase in diarrheal disease burden. Such children glucose-coupled Na / transport as well as neutral NaCl absorption and that these alterations are fully reversible with a combimay benefit from close medical and nutritional support over the proceeding 2 years of life in an attempt to limit the adverse nation of glutamine and agents that impair prostanoid production. Glutamine is the major metabolic substrate for intestinal impact of recurrent diarrhea. Additional longitudinal analyses of children infected with other enteric pathogens and in other epithelial cells and is necessary for repair of intestinal epithelial damage [24] . It is possible that Cryptosporidium-induced intesgeographic regions will be necessary to assess if these observations can be generalized to other locations, are specific for tinal epithelium damage may further limit the ability of the bowel to recover, possibly by augmenting glutamine depletion Cryptosporidium infection, or perhaps reflect a unique susceptibility of children £1 year of age to excess morbidity from in a child with an already marginal nutritional status. These potential mechanisms of intestinal injury seem most likely to infectious diarrhea disease. account for the short-lived increase in diarrhea observed in children ú1 year of age. JID 1998; 177 (March) 18. Griffiths JK, Moore R, Dooley S, Keusch GT, Tzipori S. Cryptosporidium assistance; and Howard Lederman, David Thomas, and Douglas parvum infection of caco-2 cell monolayers induces an apical monolayer Clark for thoughtful reviews of the manuscript.
